There is little information about serum biochemistry in hinnies, animals that are usually confused with mules, so this is why specific diagnosis and treatment for these animals are difficult to obtain. Due to this fact, this study had the aim of offering elements to understand and determine references in serum biochemistry parameters specific for hinnies. To achieve this objective, biochemistry parameters from blood samples collected from 33 healthy animals (15 male hinnies with age between 7 and 84 months, and 18 female hinnies with age between 17 days and 84 months), from different farms in Brazil, were evaluated to verify the influence of age and sex of animals on these parameters. The analyzed elements were total protein, albumin, globulin, albumin:globulin (A:G) ratio, cholesterol, triglycerides, uric acid, creatinine, urea, calcium, phosphorus, calciumphosphorus ratio (Ca:P), magnesium, alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT), and creatine kinase (CK). Animal's ages had an influence on biochemistry parameters, as the younger animals (≤ 30 months) presented higher levels of phosphorus and higher albumin:globulin ratio. Males and females presented similar serum biochemistry profiles. The results of this study offer elements to determine the serum biochemistry profile of hinnies and have enormous importance for veterinary clinic since this is one of the first researches in this area.
Introduction
Knowledge on serum biochemical ranges is important as it aids diagnosis and treatment of diseases, and enables followup and the understanding of several disorders that affect animal health (Rose 1992; González and Scheffer, 2002; Balarin et al., 2005) . Hormonal, biochemical, and hematological variations influence animal performance in the most different situations, mainly in competitions (Masini et al. 2000) . Due to the intense physical activity to which equids are subjected, mainly those that are used in sports, riding, and driving, these animals may show signs of exhaustion, as well as muscle and cardiorespiratory system lesions. Because of this, the use of laboratory clinical markers is warranted for the correct diagnosis and treatment of these lesions (Overgaard et al. 2004; Wanderley et al. 2015) . Hinnies are employed in the same type of activities in which mules are used, and even though these animals are known for a long time, they are little used compared with mules.
Hinnies belong to the Animalia kingdom, phylum Chordata, class Mammalia, order Perissodactyla, family Equidae, genus Equus, species Equus caballus × Equus asinus (hybrid) (Kopp et al., 1988) . Literature on these animals is scarce, and little is known about serum biochemical ranges in mules. Until today, the only study available on the theme is by McLean et al. (2016) , who analyzed serum biochemical elements in hinnies. As for horses, there are several studies on the serum biochemical profile of animals in different countries, regions, management practices, and activities types, breeds, and environmental conditions (Ximenes et al. 1984; Sartor et al. 1985; Noleto et al. 2016) . The lack of studies in the literature on mules and hinnies, especially in relation to serum biochemical profiles, commonly leads to the use of serum biochemical ranges of other species, such as donkeys and horses, which may be actually not applicable to mules and hinnies (McLean et al. 2016) .
In this context, due to the little information available on these animals, the objective of the present study was to assess the influence of age and sex on the serum biochemical profile of hinnies.
Materials and methods
Blood samples were collected from 33 hinnies (Equus caballus × Equus asinus), 15 males aged 7 to 84 months, and 18 females aged from 17 days to 84 months, which came from four breeding facilities in the states of Minas Gerais, São Paulo, and Goiás (Figs. 1 and 2). All animals were genotyped by the quick method for identifying horse (Equus caballus) and donkey (Equus asinus) hybrids (Franco et al. 2016 ). Blood samples were collected from March 2013 to January 2017.
All animals were kept in semi-extensive conditions in pastures of Cynodon and Paspalum grass. All males were gelded from 2 to 18 months of age.
Animals were clinically evaluated and showed good health conditions and adequate body condition score. Blood samples were collected in the enclosure where animals were kept by venipuncture of the external jugular vein after asepsis of the site with a cotton ball imbibed in iodine tincture 2% and followed by drying with a disposable paper towel. Animals were restrained only with harnesses.
Animals were divided into two groups according to their age: group 1 (≤ 30 months; n = 16) and group 2 (> 30 months; n = 17); and according to their sex: group 1, males (n = 15) and group 2, females (n = 18). Blood collection was performed with 38 × 1.25 mm disposable needles (VACUETTE®) attached to a 0.70 × 25 mm vacutainer tube (VACUETTE®), for animals with thicker skin. Blood collection in less muscular animals and in those with thinner skin was performed with 25 × 0.8 needles (VACUPLAST®).
From each animal, 8 mL of blood sample was collected by venipuncture of the jugular vein, using disposable sterile tubes with a clot activator (VACUETTE®). After collection, samples were placed in isothermal containers with recyclable ice until the moment of centrifugation, 2 h after that. Blood samples were centrifuged for 5 min at 720 g, and serum was separated in aliquots placed in 1.8-mL cryogenic microtubes for plasma storage (GETC 1.85®). After that, they were frozen at − 20°C and transported in isothermal containers to the Clinical Laboratory at the Veterinary Hospital from Universidade Federal de Uberlândia (UFU). And, all samples were analyzed within 48 h of collection, using a multichannel automated analyzer (CHEMWELL®-Awareness Technology Inc., Palm City, USA) and commercial kits from Labtest Diagnóstica®. The analyzer was calibrated beforehand with calibra H and gauged with universal control serum qualitrol H, produced by Labtest Diagnóstica®. Serum biochemical elements that were evaluated in all the animals are shown in Table 1 .
Statistical analysis was based on Student's t test for the comparison of means of age and sex groups. 
Results
Means and standard deviations for serum biochemical elements of hinnies, according to the age and sex group, are presented in Tables 2 and 3 .
When serum biochemical elements of hinnies were compared according to the age group (Table 2) , it was noted that A:G ratio and phosphorus (P) concentrations were statistically superior (p < 0.05) in animals of group 1 (≤ 30 months of age). The other elements were statistically similar (p > 0.05) in the two groups analyzed. Table 3 shows the ranges for serum biochemical element of hinnies according to sex. Results of Table 3 show that the ranges for all serum biochemical elements analyzed were similar for males and females (p > 0.05).
Discussion
There is little information on the serum biochemical profile specific for mules, and only the study by McLean et al. (2016) deals with hinnies. Because of the scarcity of studies on the subject, data from this study were also compared with results of previous studies carried out with donkeys (E. asinus) and mules (Equus asinus × Equus caballus).
Mean values for hinny triglyceride, creatinine, AST, GGT, and CK in the present study were near or inside the physiological ranges reported by McLean et al. (2016) , whereas phosphorus and magnesium levels were higher than the ones found by McLean et al. (2016) . Differences were attributed to the physiological variations found in different age groups, management practices, environmental factors, and methodologies used by the researchers. When serum biochemical elements of hinnies of different age groups (Table 2) were compared with those obtained for donkeys (Zinkl et al. 1990; Girardi et al. 2013; Garba et al. 2015; Laus et al. 2015; Burden et al. 2016 ) and mules (Rabelo et al. 2004; Simenew et al. 2011; Dias, 2014) , it was observed that mean values of most of elements analyzed were near and/ or inside the ranges reported in these studies. The number of animals analyzed, geographical conditions, management and feeding practices, season, physiological conditions of the animals, methodologies, and equipment used in the analyses may all have contributed to the few differences observed among the biochemical parameters of the animals in the present study and in the literature (Caldin et al. 2005; McLean et al. 2016) .
The similarity of most of serum biochemical element concentrations in young hinnies, compared with adults (Table 2) , was also reported by French and Patrick (1995) , who analyzed blood samples from 4000 donkeys and also observed that biochemical ranges were not influenced by age. The findings of the present study are also in similarity with those by Dias (2014) , who analyzed the serum biochemical profile of 248 mules in 40 farms in 9 locations in the state of São Paulo. This author reported similar values (p > 0.05) for albumin, creatinine, triglycerides, cholesterol, magnesium, GGT, and CK in the three age groups that were analyzed. The results of the present study, though, are significantly different (p < 0.05) from those of Dias (2014) for total serum protein, urea, AST, and ALP among the different age groups. Stanišic et al. (2015) evaluated the biochemical profile of Balkan breed donkeys less than 3 years of age and adults ones, older than 3 years, and observed similar values for all the parameters analyze, except for alkaline phosphatase, which was significantly greater in younger animals. Similar values for total protein, albumin, urea, creatinine, cholesterol, triglycerides, ALT, GGT, and CK in donkeys ranging from 6 months to 24 years old were reported by Laus et al. (2015) , with significant reduction in AST and ALP with age. More than one serum biochemical element differing in young and adult donkeys were reported in previous studies (Jordana et al. 1998; Mori et al. 2003; Caldin et al. 2005; Pitel et al.2006; Dias 2014; Girardi et al. 2013) .
The highest value observed for A:G in hinnies up to 30 months of age in the present study (p > 0.05) was due to the greater albumin and lower globulin concentration, although these concentrations were not statistically significant (p > 0.05) in this group of animals.
Values observed for phosphorus, in the present study, confirm the results of previous studies in which young animals showed higher values than the other age groups (Jordana et al. 1998; Caldin et al. 2005; Alves 2008; Girardi et al. 2013 ). However, Ahmed et al. (2007) in the analysis of Egyptian donkeys, and Stanisic et al. (2015) , did not find significant differences for this element in different age groups. The increase observed in phosphorus concentration in younger hinnies (group 1), with reduced values as they grow older, is attributed to the anabolic action of growth hormone and to greater supply of this element in the diet. The diet of young hinnies is mostly made up of milk during the first 6 months of age, and the Ca:P ratio of milk is 1:1. Generally, plasma phosphorus level shows an increase in periods of intense bone growth, which occurs in young animals, and a gradual decrease with age (Evans 2009 ). Calcium serum concentration in hinnies up to 30 months of age was similar to that of the findings of previous studies, which did not detect significant differences for this mineral in different age groups of donkeys and mules (Caldin et al. 2005; Girardi et al. 2013; Sgorbini et al. 2013; Dias 2014) . The slightly superior serum calcium concentration in hinnies up to 30 months of age, although not statistically significant (p > 0.05), is attributed to the high requirement of this element in growing animals, according to Herosimczyk et al. (2011) , once calcium is responsible for the stimulation of osteoblast Means in the same row followed by different letters indicate significant differences (p < 0.05) between age groups according to Student's t test.
SD standard deviation, A:G albumin:globulin ratio, Ca:P calcium:phosphorus ratio, ALT alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phosphatase, GGT gama-glutamyl transferase, CK creatine kinase ALT (U/L) 24.20 ± 20.37 13.40 ± 6.14 SD standard deviation growth, as well as the development of the whole skeleton. The neonatal and juvenile phase in equids is a period of intense bone growth. As for sex, similar values were found for serum biochemical elements of male and female hinnies, which is in accordance with previous studies in hinnies (McLean et al. 2016) and in male and female donkeys (Zinkl et al. 1990; French and Patrick, 1995; Jordana et al. 1998; Al-Busadah and Homeida, 2005; Laus et al. 2015) . In Brazil, Dias (2014) found similar albumin, creatinine, triglycerides, magnesium, iron, AST, GGT, and CK concentrations in male and female mules. On the other hand, Pitel et al. (2006) reported higher creatinine values in males, and Etana et al. (2011) found higher concentration of this metabolite in females. In the present study, higher triglycerides and cholesterol concentrations were observed, although they were not significant. This difference may be due to the condition of the animals, as seven males were used in traction and, thus, spent more energy, different from females. The greater CK concentration in male hinnies of the present study, although not statistically significant (p > 0.05), is attributed to the greater muscle mass. The similarity of serum biochemical values for male and female hinnies in the present study is attributed to similarities in breeding conditions, age, and reproductive status of the animals. These male and female hybrids are almost totally sterile and have no reproductive demands, as the female does not get pregnant and, consequently, does not produce milk neither feeds the offspring, and is not subjected to the physical demands and the stress of caring for the young. In fertile species, these periods are known to greatly influence serum biochemical components, with fluctuations in the concentrations of these elements.
As only one study was found in the literature on the biochemical profile of hinnies, especially in terms of the influence of age and sex, the present study is a pioneering one in making available data that may aid the clinical evaluation and adaptation processes of these animals, as well as provide support for future studies on the theme.
Conclusion
Based on the results and conditions of the present study, it was concluded that age does not influence most of the serum biochemical elements of hinnies, except for the A:G ratio and phosphorus levels, which were higher in younger animals. Elements analyzed were similar for males and females. This study may contribute with future analyses of serum biochemistry ranges in these hybrids, as it is one of the first studies to show data on reference ranges in equid clinical practice.
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